kﬁfhod"for the Anticorrosive Treatnent of Waste PlaStL%?%?ﬁ%Q”}‘;di'V ggi
Treati ng Equi pnent Background of the nti on- /
This invention relates to a method for the anticorrosive ,treatment of
waste plastics treating equi pment in which waste pIasticéﬁ%I@_tre&di;by

supercritical water. It i's conventionally known that natural and~/
synthetic polyneric conpounds can be deconposed by nmeans of supercritical
or .subcritical water. Meanwhi | e, in equipnment for the treatnent of

chlorine- containing waste plastics such as vinyl chloride resin and

pol ychl orotri fl uoroethylene, chlorine is released fromsuch resins, and
the equi pnment naterial (e.g., stainless steel) is heavily corroded by the
chl orine. Although the degree of corr dsivon may vary according to the

chem cal conposjtion of  the equipnent, material and t Cl cqucentration in
t he rrBlethod for the Antgco%r051ve %reé%meﬂ% ofh%as e aé%lcs

Treating Equipment

Background of the Invention

This invention relates to a method for the anticorrosive
treatment of waste plastics treating equipment in which waste
plastics are treated by supercritical water.

It is conventionally known that natural and synthetic
polymeric compounds can be decomposed by means of
supercritical or subcritical water.

Meanwhile, in equipment for the treatment of chlorine-
contéining waste plastics such as vinyl chloride resin and
polychlorotrifluéroethylene, chlorine is released from such
resins, and the equipment material (e.g., stainless steel) is
heavily corroded by the chlorine. Although the degree of
corrosion may vary according to the chemical composition of
the equipment material and the Cl concentration in the
aqueous solution, the treatment'especially with supercritical
water is carried out under high—temperature and high-pressure
conditions. Consequently, when stainless steel is used as
the equipment material, it is highly susceptible to pitting,
crevice corrosion, stréss corrosion cracking and other
corrosion due to chlorine ion. As a countermeasure against
it, nickel alloys having special chemical compositions have

been used.
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-aaqueous sol ution, the treatnent especially with supercritical water is
carried out under high-tenperature and high-pressure conditions.
Consequently, when stainless steel is used as the equipnment material, it
"is highly susceptible to pitting, crevice corrosion, stress corrosion
cracking and other corrosion due to chlorine ion. As a counterneasure
against it, nickel alloys having special chem cal conpositions have been
used. _ -2- However, such
ni ckel alloys are so expensive that the construction cost of the equi pnent
is raised to an undue extent. Accordingl4,”in the case of equipnent for
the treatnent of chlorine-containing waste plastics such as vinyl
chl oride resin and pol ychlorotrifluoroethylene, there has’ been devel oped a
process which avoids the direct treatnment of such resins with
supercritical tawaverspanigh quigkel HkEQYIi ®ke 3Ot ¥ReNRsYe BhattFhs

treating process, such . ) )
construction cost of the equipment is raised to an undue

extent. Accordingly, in the case of equipment for the
treatment of chlorine-containing waste plastics such as vinyl
chloride resin and polychlorotrifluoroethylene, there has
been developed a process which avoids the direct treatment of
such resins with supercritical water. Specifically,
according to this waste plastics treating process, such
resins are first dechlorinated by pyrolysis at 300-350°C in a
separate dechlorination apparatus, and the remaining
dechlorinated resins are then treated with supercritical
water.

As a result of dechlorination, this process permits
reiatively inexpensive stainless steel to be used as the
equipment material. However, this process is more
complicated and requires a greater number of system
components, as compared with_the process for treating waste
plastics directly. As a result, this process still involves
the problem that the construction cost of the system is very

high.

Summary of the Invention

In view of the above-described existing state of the
art, the present invention relates to equipment for treating

the aforesaid waste plastics directly with supercritical



resins are first dechlorinated by pyrolysis at 300-350[err]Cin a separate
dechl orination apparatus, and the remaining dechlorinated resins are then
treated with supercritical water. As a result of dechlorination
this process permts relatively inexpensive stainless steel to be used as
the equipnent material. However, this process is nore conplicated and
requires a greater nunber of system conponents, as conpared with the
process for treating waste plastics directly. As a result, this process
still involves the problemthat the cogstruction cost of the systemis
very high. Summary of the Invention In view of
t he above-descri bed existing state of the art, the present invention
relates to equi pment for treating the aforesaid waste plastics directly

with SUpeu%Eéffﬂgnd an object thereof is to provide a meth6d for the

anticorrosive treatment of waste plastics treating equipment
which makes it possible to use inexpensive stainless steel.

According to the present invention, there is provided a
method for the anticorrosive treatment of waste plastics
treating equipment which comprises the steps'of providing
waste plastics treating equipment made of stainless steel,
charging the équipment with a predetermined amount of an
aqueous solution containing at least one alkali metal salt,
deaerating the aqueous solﬁtion, raising the temperature and
pressure of the equipment until supercritical conditions are
established, and maintaining the temperature and pressure for
a predetermined period of time.

According to the anticorrosive treatment method of the
present invention, a dense black film having a thickness of
several micrometers is formed on the surface of the stainless
steel. This film has excellent corrosion resistance, scratch
resistance and abrasion resistance, and is never corroded
under supercritical water conditions including a saturated
aqueous solution of NaCl. The black film formed in the
present invention is an oxide film composed of Fe;O, and
FeCr,0,, and its composition is equal to that of a film formed
by conventional passivation treatment which will be described
later. However, as contrasted with the conventional

passivation treatment film which has a thickness of several



twat er, and an object thereof is to provide a nethod for the anticorrosive
treatnent of waste plastics treating equi pment which makes it possible to
use i nexpensive stainless steel. According to the present invention,
there is provided a nethod for the anticorrosive treatnent of waste

pl astics treating equipnment which conprises the steps of providing waste
pl astics treating equi pnment nade of stainless steel, charging the

equi pnent with a predeterm ned anobunt of an aqueous sol ution containing at
|l east one alkali netal salt, deaerating the aqueous solution, raising the
tenperature and pressure of the equipment until supercritical conditions
are established, and nmaintaining the tenperature and pressure for a
predet erm ned period of tine. According to the anticorrosive

treat ment vERiest SfaridiRtd¥ES AHe INMENL | Om Arsianse D agke fAtaadiaying

t hi ckness of several mcrometers I's fornmed on the surface of the stainless

steel . Th'l%vfe'dﬁﬂdi*f'i%a@(%eweeﬂ} 1%6&5619.%1&?&§t@@0§ev§§éﬁtx@i’br61€ét§£§nce
and abrasion resistance, and’is never corroded under supercritical water

condi t i on@ndNGlsUdiutth cxd Widdead erRIURP USo SRd3H O Nr i NeAce, ThecPdegk film
formed in the present invention is an oxide filmconposed of Fe[err](Jerr]

and FeCr [ressils@aioe amhGbrdas ionmes idtihdes. eqitals toiIhatawfba film fornmed
by conventional passivation treatnment which will be described later.
However, ahicieiessbyd edttendimgy daeyenttiioredrosive treatment time.
As' is evident from the above description, the present
invention relates to equipment for treating the aforesaid
waste plastics directly with supercritical water, and
provides a method for the anticorrosive treatment of waste

plastics treating equipment which makes it possible to use

inexpensive stainless steel.

Brief Description of the Drawihgs

FIG. 1 is a block diagram showing an outline of the

anticorrosive treatment method of the present invention.

Detailed Description of the Preferred Embodiment

FIG. 1 shows various steps included in the method for
the anticorrosive treatment of waste plastics treating
equipment in accordance with the present invention.

The present invention relates to the aﬂticorrosive
treatment of waste plastics treating equipment made of
stainless steel. Accordingly, equipment for treating waste
plastics with supercritical water should be made by using

stainless steel (step A in FIG. 1).



'passi vation treatnment filmwhich has a thickness of several

-4- tens of nanoneters, the black filmforned in the present invention
has a very |arge thickness of several mcronmeters and is nmuch nore
excellent in corrosion resistance, scratch resistance and abrasion
resistance. This filmcan be thickened by extending the anticorrosive
treatnent tine. As is evident fromthe above description, the present
invention relates to equipnent for treating the aforesaid waste plastics
directly with supercritical water, and provides a nmethod for the
anticorrosive treatnent of waste plastics treating equi pnent.which nmakes
it possible to use inexpensive starnbess steel. Bri ef
Description of the Draw ngs FIG 1 is a block diagram showi ng an

outline of the rantl GATASI VR, LELEAARH 2 foL PO PE 5L Nec BLESEDt L OYEDLEQR

by soaking it in nitric acid, a mixture of nitric acid and
hydrofluoric acid, or the like at atmospheric pressure to
form an oxide film having a thickness of several téns of
nanometers on the surface thereof, resulting in improved
corrosion resistance. However, the film formed by this
passivation treatment is so thin that, during manufacture of
the equipment, it is frequently lost by damage caused during
construction, impingement of solid matter contained in the
process fluid, or erosion by a liquid having a high flow
velocity. In the existing circumstances, therefore, this
technique cannot be applied to the parts where a nickel alloy
must be used. The present invention overcomes this technical
commonsense and provides an epoch-making passivation
treatment method.

| Moreover, the present invention also relates to the
equipment used in a process for treating waste plastics with
supercritical water. As used herein, the term "supercritical
water"” means water in its supercritical state which is
obtained by controlling the temperéture and pressure properly
in the range of 200 to 800°C and 20.0 to 918 kgf/cm?,
_respectively. Preferably, such supercritical water is
obtained by controlling the temperature and pressure properly
in the range of 250 to 450°C and 51 to 510 kgf/cm?,

respectively. The term "supercritical water" also



Petail ed Description of the Preferred Enbodi nent FIG 1 shows various
steps included in the nethod for the anticorrosive treatnent of waste

pl astics treating equipnment in accordance with the present invention.

The present invention relates to the anticorrosive treatnent of waste

pl astics treating equi pment made of stainless steel. Accordingly,

equi pnment for treating waste plastics with supercritical water should be
made by using stainless steel (step Ain FIG 1).

- 5- It is generally known that stainless steel is passivated by
soaking it in nitric acid, a mxture of nitric acid and hydrofluoric acid,
or the like at atnospheric pressure to ~f®rman oxide filmhaving a

t hi ckness of several tens of nanoneters on the surface thereof, resulting
in inmproved corrosion resistance. However, the filn1forned,bg this

passi vat i cFPTEPRRReRME Fubehltiral t¥akerdufPn§ehaddf bReupRPHECat1ION Of

fhe present invention is not interfered with.

| According to the present invention, the aforesaid
equipment is first charged with an aqueous solution
.containing at least one alkali metal salt (step B in FIG. 1).

The alkali metal salt used for this purpose is selected
from the sulfates, sulfites, carbonates, hydrogencarbonates,
nitrates and chlorides of Na and K. These compounds may be
used alone or in admixture. Its concentration may range from
100 mg/L to its solubility limit. _However,.its concentration
is prgferably in the range of 1,000 to 10,000 mg/L.

According to the present invention, the aqueous solution
is then deaerated (e.g., by réplacement with N,) until its
dissolved oxygen content is reduced to 0.5 mg/L or less (step
C in FIG. 1). If its dissolved oxygen content is greater
than 0.5 mg/L, the passivation film desired in the present
invention, which is composed of Fe;0, and FeCr,0; and has
excellent corrosion resistance, will not be formed. Instead,
a soft and porous film composed chiefly of Fe,0; is attached
to the surface of the stainless steel, so that no
anticorrosive effect is not obtained.

According to the present invention, the temperature and
pressure of the equipment are raised uﬁtil supercritical
conditions are established (step D in FIG. 1). Even if the

- treating temperature and pressure are lower than



sthe equipnent, it is frequently |lost by damage caused during construction,
| npi ngenment of solid nmatter contained in the process fluid, or erosion by
a liquid having a high flow velocity. In the existing circunstances,
therefore, this technique cannot be applied to the parts where a nickel
all oy mnust be used. The present invention overcones this technical
commonsense and provi des an epoch-nmaeki ng passivation treatnent nethod.

Mor eover, the present invention also relates to the equipnment used in a
process for treating waste plastics with supercritical water. As used
herein, the term"supercritical water* freans water in its supercritical
state which is obtained by controlling the tenperature and pressure
properly in the range of 200 to 800[err]C and 20.0 to 918 kgf/cnferr],

respectively. Preferahly, such supercritical water is _abtained by
control | i FYRSFE BdHrSlatGEdiPht e & é)?)& 13nd j1Pq H%g/?%ge & 250 to
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very small, and a very long time will be required to achieve
a film thickness equal to that of the film desired in the
present invention. This is impractical from an economic
point of view.
Thereafter, the equipment is held under the
supercritical conditioﬁs for a predetermined period of time

(step E in FIG. 1). This holding time is usually not less

than 10 hours and preferably in the range of 50 to 100 hours.

Examples

The present invention will be explained in more detail
by way of examples, which are not intended to be limiting of
the present invention.

Formation of a film

A plurality of 10 mm x 50 mm x 2 mm specimens made of
the stainless steel shown in Table 1 were placed in an
autoclave having an internal volume of 500 mL. Then, the
autoclave was charged with 100 ml of an aqueous sdlution
having the composition shown in Table 1, and deaerated
according to the procedure of FIG. 1 until the dissolved
oxygen content of the solution was reduced to 0.5 mg/L or
less. Thereafter, the autoclave was immersed in a tin bath

placed in an electric furnace for external heating use,



@ 6- conprehends subcritical water, so far as the application of the
present invention is not interfered with. According to the present

i nvention, the aforesaid equipnent is first charged with an aqueous
solution containing at |east one alkali netal salt (step Bin FIG 1).

The al kali nmetal salt used for this purpose is selected fromthe sulfates,
sul fites, carbonates, hydrogencarbonates, nitrates and chlorides of Na and
K. These conpounds may be used alone or in adm xture. Its concentration
may range from 100 ng/L to its solubility limt. However, its
concentration is preferably in the rang® of 1,000 to 10,000 ng/L.
According to the present invention, the aqueous solution 1is then deaerated
(e.qg., by replacenment with Nferr]) until its dissolved oxygen content is
reduced to Q0.5 L or less (ste Cin.FlG en

. If i i d
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specimen made of the stainless steel shown in Table 1 was
measured by the electron microscopic examination of a section
of the specimen. Moreover, the compounds constituting the
film were identified by X-ray fluorometry and X-ray
diffractometry.
Corrosion test

Subseéuently, the specimens treated in the above-
described manner and 80 mL of a saturated aqueous solution of
NaCl were placed in an.autoclave having an internal volume of
500 mL. After the oxygen in the gas phase was replaced with
N, gas, the dissolved oxygen content of the solution was
reduced to 0.5 mg/L or less. Then, a corrosion test was
carried out under supercritical conditions including 500°C
and 250 kg/cm?® for 3 months. The results thus obtained are
shown in Table 1.
Results and discussion
In Example Nos. 1 to 28 which satisfied the treating

conditions described above for the various stepé of the
method of the present invention, the corrosion wear was not
greater than 0.01 mm/y for all materials, and no

abnormalities such as pitting and cracking were not observed.



pressu}e of the equipnent are raised until supercritical conditions are
established (step Din FIG 1). Even if the treating tenperature and

pressure are | ower than -7-
-supercritical conditions (e.g., 300[err]C and 100 kg/cnferr]), a
passivation filmw Il be forned. However, its thickness is very small, and
a very long tine will be required to achieve a filmthickness equal to
that of the filmdesired in the present invention. This is inpractical
froman econonmic point of view. Thereafter, the equipnent is held

under the supercritical conditions forga-predetermned period of tinme
(step Ein FIG 1). This holding tinme is usually not less than 10 hours
and preferably in the range of 50 to 100 hours. Exanpl es The

present inventhgae@%kt 9% E§8£%E26ﬂoﬂ”2@0&% %%Eiﬂ supercritical water
was not used and Example No. 30 in which no alkali metal salt
was added, pitting was observed.
Moreover, in Example Nos. 31 to 39 in which the
dissolved oxygen content was adjusted to a level of 1.0 to
1.5 mg/L (i.e., greater than 0.5 mg/L), the corrosion wear

was greater than 0.5 mm/y and pitting was observed.
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speci men made of the stainless steel shown in Table 1 was neasured by the
el.ectron m croscopi c exam nation of a section of the specinen. Mreover,
t he conpounds constituting the filmwere identified by X-ray fluoronetry

and X-ray diffractonetry. Corrosion test Subsequently, the
specinmens treated in the above- desctibed manner and 80 nL of a saturated
aqueous sol ption—of—N paced—irr—anatt-eclae—aviRg—at—rieraal
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- 14 - It can be seen fromthese results that, when stainless
steel is treated according to the anticorrosive treatnent nethod of the
present invention, a dense black filmhaving a thickness of several
m croneters is formed on the surface of the stainless steel. This film has
excel l ent corrosion resistance, scratch resistance and abrasion
resi stance, and 1is never corroded under supercritical water conditions
i ncluding a saturated aqueous solution of NaCl, as denonstrated by the
foregoi ng exanples. The black film forned in the present invention is an
~oxide filmconposed of Fe[err](err] and4FeCr[err]Jerr] as shown in Table
1, and its conpositionis equal to that of a filmforned by the
above-descri bed conventional passivation treatnent. However, as contrasted
with the conventional passivation treatnent filmwhich has a thickness of
several tens oflhgRidierscen Weromaehese| resebfelhah, t Waepr eka4R1RASent i on
has a very |arge thickness of several mcroneters and,is nuch nore
excel | ent §Heebridsterrted AceRF@ENg skeatle #REICSPERACRLRAITEBREREBA

i st ) t | be, that, if the dj |
Cont ont | digihef oF i RESSRY LLOTSRC bake) 9atPbRS I PEARK Foini¥¥Ehg a

thickness of several micrometers is formed on the surface of
the stainless steel. This film has excellent corrosion
resistance, scratch resistance and abrasion resistance, and
is never corroded under supercritical water conditions
including a saturated aqueous solution of NaCl, as
demonstrated by the foregoing examples. The black film
formed in the present invention is an oxide film composed of
Fe;0, and FeCr,0, as shown in Table 1, and its composition is
equal to that of a film formed by the above-described
conventional passivation treatment. However, as contrasted
with the conventional passivation treatment film which has a
thickness of several tens of nanometers, the black film
formed in the present invention has a very large thickness of
several micrometers and is much more excellent in corrosion
resistance, scratch resistance and abrasion resistance.

It can also be seen that, if the dissolved oxygen
content is greater than 0.5 mg/L, the passivation film
desired in the present invention, which is composed of Fe;0,
and FeCr,0, and has excellent corrosion resistance, is not
formed. Instead, a soft and porous film composed chiefly of
Fe,0; is attached to the surface of the stainless steel, soO

that no anticorrosive effect is not obtained.



«desireéd in the present invention, which is conposed of Fe[err](err] and
FeCr[err]derr] and has excellent corrosion resistance, is not forned.

I nstead, a soft and porous filmconposed chiefly of Fe[err]Jerr] is
attached to the surface of the stainless steel, so that no anticorrosive
effect is not obtained. ' - 15 -

Many ot her variations and nodifications of the invention wll be apparent
to those skilled in the art without departing fromthe spirit and scope of
the invention. The above-described enbodinents are, therefore, intended to
be nerely exenplary, and all such v éa{ions and nodifications are
intended to be included within the scope of the invention as defined in

t he appended cl ai ns. The di scl osure of Japanese Patent Application
No. 10- 16570 filed on January 29, 1998 including specification, clains,

drawi ngs and SUGIRE Yo A6 x| PEPE ROI 8hEUaR8 RbRiBY catebRECBECLhE iLheeBRtibhet Y.
| will be apparent to those skilled in the art without
departing from the spirit and scope of the invention. The
above-described embodiments are, therefore, intended to be
merely exemplary, and all such variations and modifications
are intended to be included withip the scope of the invention
as dgfined in the appended claims.
The disclosure of Japanese Patent Application No.1l0-
16570 filed on January 29, 1998 including specification,
claims, drawings and summary are incorporated herein by

reference in its entirety.



'-16 - Wiat is clained is: 1. A nethod for the anticorrosive
treatnent of waste plastics treating equipnment which conprises the steps
of providing waste plastics treating equi pnent made of stainless steel,
charging said equipment with a predeterm ned anount of an aqueous sol ution
containing at |east one alkali nmetal salt, deaerating the aqueous
solution, raising the tenperature and pressure of said equi pnent until
supercritical conditions are established, and maintaining the tenperature
and pressure for a predeterm ned period of tine. 2. A nethod for the
anticorrosive treatnent of waste plasg'%s_treating equi pnent as clainmed in
claim1 wherein the aqueous solution i5 deaerated until its dissolved
oxygen content is reduced to 0.5 ng/L or |ess. 3. A nethod for the
anticorrosive treatnent of waste plastics treating equipnment as clained in

claimi1 withat nig elaimed is:

1. A method for the anticorrosive treatment of waste
plastics treating equipment which comprises the steps of
providing waste plastics treating equipment made of stainless
steel, charging said equipment with a predetermined amount of
an aqueous solution containing at least one alkali metal
salt, deaerating the aqueous solution, raising the
temperature and pressure of said equipment until
supercritical conditions are established, and maintaining the
temperature and pressure for a predetermined period of time.

2. A method for the anticorrosive treatment of waste
plastics treating equipment as claimed in claim 1 wherein the
aqueous solution is deaerated until its dissolved oxygen
content is reduced to 0.5 mg/L or less. |

3. A method for the anticorrosive treatment of waste
plastics treating equipment as claimed in claim 1 wherein the
alkali metal salt comprises at least one compound selected
from the group consisting of thé sulfates, sulfites,
carbonates, hydrogencarbonates, nitrates and chlorides of Na
and K.

4. A method for the anticorrosive treatment of waste
plastics treating equipment as claimed in claim 2 wherein the
élkali.metal salt comprises at least one compound selected
from the group consisting of the sulfates, sulfites,

carbonates, hydrogencarbonates, nitrates and chlorides of Na
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alkali netal salt conprises at |east one conpound selected fromthe group
consisting of the sulfates, sulfites, carbonates, hydrogencarbonates,
nitrates and chlorides of Na and K 4. A nethod for the _
anticorrosive treatnment of waste plastics treating equipnment as clained in
claim2 wherein the alkali netal salt conprises at |east one conpound
selected fromthe group consisting of the sulfates, sulfites, carbonates,
hydr ogencar bonates, nitrates and chlorides of Na '

- 17 - and K
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and K.
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